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The Preparation of a Safe and Efficient 
Antirabic Vaccine. 


CHAPTER I. 
liitrodiictioii. 

^HE two cardinal factors to be taken into consideration in the preparation and 
administration of vaccines whether for prophylactic or curative purposes are, 
safety and efficiency. When Pasteur first applied his method of antirabic treatment 
to man these were the two points upon which he concentrated his attention, with 
the result that he firmly established the principles of antirabic treatment now 
carried out in almost every civilised country where rabies is found. 

In the practice of conferring a specific immunity on man and animals by ino- 
culating them with dead bacterial vaccines, the question of safety, or free- 
dom from any risk of communicating the disease which the vaccine is intended to 
prevent is foreclosed, and the main points to be taken into consideration are a 
proper system of dosage, and the interspacing of doses ; but when living vaccines 
are used the question assumes a different aspect. 

It is now well established that dead bacterial vaccines are efficient in 
producing an immunising response in man and animals ; a response which in most 
cases it would not be justifiable to attempt to produce with living bacteria. On 
this account it is now almost the universal custom in the prophylactic and cura- 
tive vaccination of infectious diseases in man to make use of killed cultures of the 
causal micro-orgam'sms. No person would be justified in using a living staphylo- 
coccus, or a living streptococcus vaccine, when dead vaccines prepared from these 
germs answer every purpose. 

In the immumsation of animals it is not an uncommon practice to begin by 
using dead bacterial cultures, and then go on to living cultures ; but in man it 13 
exceptional to use living microbes either for prophylactic or curative purposes, 
although in some cases it has been done with perfect safety, e.g., in the prophylaxis 
of cholera and typhoid fever. In some cases an attenuated living vaccine is used 
as a prophylactic by communicating a modified form of the disease, e,g.^ VMcimii 
to protect against stoall-pox in man ; but in this particular case the perMninqciila- 
can afford to allow the virus to multiply without imping any risto 
vqver, 'the muitipM<aMon>f ,^e-Hvi^ element.k, this yaocine.ut:nq^^^ 
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pst j)oint ill favour of its efficiency. In the other two examples given, viz., in the 
prophylaxis of cholera and tyjjhoid fever in man, in which living vaccines have been 
inje(‘i(‘<l suIm'iH aneously, a multiplication is the last thing to be desired, and as 
far a > wi‘ know i< doe-, lioi lake place when these vaccines are given subcutaneously ; 
bill <>ven (so, it is now <Up < iistoni in the prophylaxis of typhoid and cholera 
t<i use only d(Md lj,i(teiial cultures. 

When we appiv tlnse faffs to antbabic treatment, the subject assumes an 
asjKM t woithv ol ( aiehd eonsidfuation, beeiuse tlie multiplication of a living rabies 
vi^u^ intended a*- a pioplivkif tie v.u fine Atould mean hydrophobia and death to 
the pet son inu( nlatf'd. 

l’.i>tiMir nsounised this daimei, and jirovided against its occuuencc by eom- 
mmit im> iieatmenl with a dead \ mis, iollowed by sin attenuated living virus. By 
this nn'.tns ho wsis able to (onmnoKc the immunisation of bis patients with avac- 
eini* whiek wms peilectly sale and wliiih established a degree of immunity suffi- 
<‘ient tt» temler the sibsequeul njje( tion ol living and virulent virus also quite safe. 

Hornet iin*> alter Pastmu inaiigiuated his system, Hbgyes of Buda-Pestli in- 
trodtned a method ol antiiabii tieatmeut by injeeting high dilutions of living and 
vuuhuK vnits In besm with, gradually going on to lower dilutions. This method 
has been adopted by mw eral Pastcui In'-titutes, and has been teported upon favour- 
iildv bv some ol)^l‘r\(‘r.s. It h is the merit ol being easier to cany out, and is less 
exfiensivelliantlu' (n^alnient advocated liy Pasteur and his followers ; but whether 
it i' the best and salest methofl that sfieuce (an devise in the absence of exact 
kuowUilge about the e.iusal mitto-oiganism of rabies, is a disputed point. 

We know that i.ibies is due to a living \nrus which has never been cidtivated 
out-,ide the tissues ot man or animals suft'oring from the disease; we also know 
tluit manv ot tbi' symptoms present in rabies resemble those present in cases of 
tetanus. 

In tetanus th(> symptoms depend upon extra-cellular toxines elaborated by 
the tetanus bacillus; hut whethei any or all oi the symptoms of rabies depend 
upon exti.i-cellnlur toxines elaborated by the causal micro-organism in a manner 
somewhat similar to those ol tetanus is a subject about which we know practically 
nothing, and we are imt likely to gain much information on this point until it be- 
coitu's possibh' to cultivate tlie causal micro-organism of rabies in artificial media, 
and to exiMTiruent w'ith pure cultures separate from the nerve tissue of animak 
dead of the disease. 

In the meantime it only remains to follow the lines laid down by Pasteur, but 
modifuHl in accordance with the experience gained from recent advances in our 
knowledge of prophylactic inoculations in other diseases. 

Those who advocate the “ dilution method (Hagyes* method) of treatment, 
take it for granted that a rabies toxine separate from the living virus do^ not exist ; 
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and those who advocate the “ dried eor<l method ” (Pasteur’s method) keep in 
view the possibility of the existence of a toxiix* in the nerv'o centres (brain and 
spinal cord), the pu'ncipal .seat oi the vims and where it mnltiplies. AJoreover, 
there is another point which inlhiences the seiettinn of a method of tr<‘atmcnt, m., 
the attenuation of rabies viius. 

In the dried coid method oi jnepaiine a vaccine, attejiiiation <tl the -viiU' is 
supposed to take ])lar<' Irom dav to day. and stiictlv in afcord.incc r\ith the leufith 
of time the <'ord has been diicd nndei < (indition^ ; Init het<‘. ajiain. the oc- 
ciUTence ol attenuation is dt'uied l>v Mtme and tiinily believed in by others, ft 
would seive no useful pm])ost‘ to enum(‘iate the aigiinnmts lor and against these 
different views. The cultivulion ol tlio vims in .utificial media (sliould this ever 
heeonie possible) is the souiee Irom which the gaps in our knowledge about rabies 
virus are likely to be filled in ; «fiid until Ibis has becui acc omphshed the \iew.s of 
workers on rabies are sinc' to ditler widely. 

Setting aside these two methods ol jnepainig an anthabic vaccine*, ilz., the 
“ dried cord method ” and the ■" dilution method,’' in botli ol which a living virus 
is used, are there any other jiossible methods ol picparing a safe and edfieient 
vaceiuo ? 

As [ have already stated dead vaccims have been found .sale and efticjcmt in 
the prophylaxis of other disea.scs, why should not similar metluKls apply to rabie.s i 

With the object ol thiow'ing some light upon this important cjuc'stion the ex- 
periments upon whicdi this papt*i is bascsl weie carried out. fn a word, my object 
w^as to ascertain whethc'r animak can be as highly immmiisc'd with a dead virus 
as with a living vims : and it this is possible it would naturally follow that such a 
vaccine w’ould be safe and efficient, two most important and essential properties 
in an airtiiabic vaccine, or in ,iny othei \accijie. 

We know that heat k a damaging .igent to use in killing bac-terinl vaccines 
when it is neoe.s.sary to store them lor some time* hetoie use ; .intl that earbolic 
acid in weak dilutions is a leliulile agent lor sterilking bacterial \aecinc's without 
lobsening their immunising and keeping properties.' On the other hand, a low 
degree ol heat, any temperature below 61) 0, applic'd from 15 to 30 minutes does 
not materially dimiiiLsh the immunising properties of abaeterial vaccine intended 
lor early use ; but after heating it is always necessary to add an antiseptic when 
the vaccine has to bo storetl, or sent out for use. 

In those vaccines which arc easily killed in a small percentage of an antisep- 
tic, such as from 0‘5 to 1 per cent, earbolic acid, it is unnecessary to use heat at 
all, because it would not do away with the necessity of afterwards adding an anti- 

‘ Semple & Mataon : Oa the FreparatSon and Keeping Fropartiee of Antityphdd FaoeiiMMitaTyia 
Lancet, Augnet 14, 1909. 
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septic to preserve the vaccine, and to guard against any subsequent contamina- 
tion. In preparing a dead antirabie vaccine it was necessary to make a choice 
between these two methods, viz., heat followed by an antiseptic, or an antiseptic 
only. 

In the experiments which follow it will be seen that the rabies virus is easily 
killed by heat, and that a temperature of 50“C for 16 minutes is sufficient to des- 
troy it. It will also be seen that it is more resistant to carbolic acid at room tem- 
perature than most non-spore forming bacteria ; but at a temperature of 37°C it 
is easily killed in 1 per cent, carbolic acid. 

Of these two methods of killing a vaccine, viz., by heat, and by carbolic acid, 
carbolic acid is the one which produces least change in the vaccine.^ 

When heat is employed we make use of an agent of the effect of which we know 
nothing whatever, except that it kills the living element, and that bacterial vac- 
cines killed by heat retain their immunising properties for a shorter period than 
similar vaccines killed by carbolic acid. 

For these reasons it was decided to experiment wdth a vaccine prepared by 
killing the virus in 8 per cent, dilutions in normal saline solution to which had been 
added 1 per cent, carbolic acid. Twenty-four hours at a temperature of 37 °C was 
found to be sufficient to kill the virus in 8 per cent, dilutions when 1 per cent, 
carbolic acid had been added. After 24 hours the killed vaccine was diluted 
with an equal volume of sterile normal saline solution, and kept at room temper- 
ature for use when required. This gave a 4 percent, dilution of virus in 0’5 per 
cent, carbolic acid normal saline solution ; a dilution suitable for treatment pur- 
poses, or which could be still more diluted if considered necessary. 

In a preparation of this kind the vaccine will keep for months, and retain its 
immunising properties unimpaired, provided that it is kept in a moderately cool 
place screened from light. That it is a safe and efficient vaccine in the immunisa- 
tion of animals the experiments recorded in this paper afford ample proof. 

It also possesses the great advantage that it could be sent from ‘the labora- 
tory where it is prepared to places at a distance where any medical man with a good 
knowledge of the administration of vaccines could carry out the treatment of 
patients bitten by rabid animals. When we realise what this means in a country 
like India, w'here rabies is so widely scattered and of common occurrence, the ad- 
vantages of such a system in providing a safe and efficient vaccine are enormous. 
Instead of having a number of Pasteur Institutes scattered over the country it 
would be necessary to have only a Central Institute where the vaccine could be 
prepared and sent to other centres where treatment could be carried out. The 
expends connected with these centres would be very snmll, long and costly 

As' ilblwoi- 
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Journeys would be avoided, and most important of all, the patients would come 
under early treatment, and a treatment free from risks. 

In the preparation of a dead rabies vaccine it is necessary to know what are 
the effects on living virus of agents such as heat and carbolic acid which could be 
used in kiUiu^ the virus ; and in testing the rabicidal properties of the serum of 
animals immunised with a rabies vaccine it is necessary to know what are the 
effects of normal saline solution (the fluid used to prepare dilutions) on the virus 
dilutions used for testing the serxim. The experiments recorded in Tables I to IX 
answer these questions. The experiments recorded in Series I to V prove that 
animals, such as monkeys, dogs, and rabbits, can be highly immunised with a dead 
rabies vaccine, killed and preserved in carbolic acid. 

Other workers have also obtained evidence of the immunising properties 
of dead rabies virus. 

Poor,^ recording his own experiments with heated virus, in a recent article 
(September 1910) mentions, that, Fermi as the result of his experiments recom- 
mended the use of dead virus only ; his plan being to kill the virus with carbolic 
acid, and store the emulsions for future use. ” 

The same author also mentions that, “ Otto Heller in his work on protective 
inoculation against rabies (Jena, 1906) gives the experience of othere in the 
use of virus killed in various ways ; e.gf., heat, and by glycerine ; and his own 
experiments in the use of virus killed by grinding according to the method of 
McFadyen.” Heller used the brains of rabbits after death from “ fixed virus ” 
infection. 

1 Poor — ^The Immunising Properties of Killed Babies Virus. Collected Studies from the Besearc h 
Laboratory, Department of Public HealUj, CSty of New York. Vol. IV. Issued September 1910. 
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CIIIPTER II. 

TIm* ot H«‘sit oil Rabies Vims. 

TAHlif3 I 

It lit" loiii; ln<ii 1 imwii til it i.iitU'' Mill'' 1 '^ (Itstioycd hv beat. This 
Is 1 t II f wliuli III- Immii iisimI to f»ici\( tint the < aus.il oip:uii'*m ottaluos ^what- 
t\»*) If mi\ iviiituilU tuin (lilt to 111 ) t niiuit lam spiue-tdiming oig.TUisin, loi we 
know til, it .ill -jious lujiiui I liiyli t( m]>( i.ituK* li(*lou* th(\ an* dchtioMHl, and 
til It ni iM\ ot t 111 111 u ([um a lioiliiig t( lupi 1 itiui tMtoietlie\ ait* ommi mjuied, and 
a ti w kind- !i i| UK boihiis' toi oiii i»i two IiouisIkIuu then dcstiui t ton is finally 
attoinpli-lnd 

11a \(i\ iat t tint lahic s \ HUS Is so ■'(‘nsit'M* to he it puts the < aiisal oig.inisni 
out ot till* (atigoiv ol spitie-lonning germs. This sensitnenc&s to heat oi a \iru% 
iihotit the natuie ot will! h wi know ■-o htlh would make one h(*sitate befou* using 
hi it I- 111 ii.'(iil 111 tin piepii ition ot a ill ad lanine, a \a( ( me in whu h an extia- 
iidlulit tuMiii iin\ {lossildv he .111 imjioit lut t.utoi in its immunising piopeities. 
Mint ‘ st it(s tint till ill -t tint ion ol till \nus bigiiis nt a tempeiatiue of 15°r, 
and th it dt- hoius’ i 'vposure to this temp(‘riture i ompletes its destruction. Mine 
alsonnniion tin lu!lo\\ uiy n -uh- ol tin i tli i ts oi hi at on lalnes muis obtxincd 
!n ulhet woikti- On pint li stnilisii p ii um tinniligi dt .) innmtes a 18 , 
de uiii In nil* i “»•> (< < Hi) ih ipii lipii •. iniiintes i (lO (liou\), de tiente minutes a 
52 iiS <noo\e^) It uill 111 'll 11 tint tin II is a w idi i iiige ot dilfeiente in the 
(\implis ui\tu t tiom 5 nuniiti- I IS ( to I houi at 50 (. (tilh) si.\eial 
minute- it HO ( (Itoiiv) and 10 lumutis at 52 to 58 (' (fIog\es) 

Ihe i( lilt- ol mv own (\ptiim<iits on tin point an* gmii m 1 ible 1 On 
lelnung tothi-tiblt it will hi -n nth it i 5 ]>i i n nt. oiuulsion ol iivd \nus fiom 
the nil dull t ot 1 1 iblut i- di stioM d whi ii he ited in a wati i batli it a temptiatuie 
of.50 ( ill 1 5 minutes, aiidthit i sinnkit emtil-ion i- luit e\i n inpued in 15nnnutes 
at a tiiupeiatuie ol 15 0 In tin [uejiuation ot 5 pet lent. oniulsions used 
111 the exjienmeuts iiiei n il to in Table 1 one giamme was t.iken lioin t In medulla 
of a tabbil soon altei it li id died liom fi\ed \iius ” labies it w i- iriouiidup 
with t pi stle and moitai in JOi.i steiile noimal saline solution, and then p.issed 
Ihiough a fine wue stiainei to lemove an\ lougli paitules of fibious tissue, etc. 
A fewe. e. weie t lien tiatisiei red to sevualsteule test tubes, and he.atedma water 
bath at the temperatuie^, imd for the times specified in the table. A few minutes 
after lenunid irom the wat<*i fauth, 0*2 c .e. was used to inoculate healthy full grown 
rabbits subducally, with the results recorded in Table 1. A control rabbit 

‘ Btudu Expenmeatiik d» k Barb. 190 % pp. lOB-lOS. 
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was also inoculated subdnrally with. 0*2 c.c. of the 6 per cent, virus emulsion before 
heating; and this rabbit andthe one inoculated with 0*2 c.c. of the virus after 
heating at 45'’C for 15 minutes both developed rabies on the seventh day. Five 
other rabbits inoculated subduially with a similar amount of the same vinis, but 
heated either at a temperature of 55“C or 50°C for 30 or 15 minutes, remained 
well. 

The results of these experiments show that a 5 per cent, emulsion of fixed virus 
in normal saline solution is destroyed at a temperature of SO^C in 16 minutes, but 
not at a temperature of in the same time. 

TABLE I. 


Eaypmments to test the effects of heat on fired rabies virus ” when emulsified in normal 

saline solution. 


No of 
expen 
ment. 

Percen- 
tage of 
** fixed 
virus ” 
m normal 
salino solu- 
tion used. 

Tune and tcmpcia- 
ture at which htated 
belore being used. 

Animal 

inoculated. 

1 Amount inocu- 
lated, and 
mi thod of in- 
oculation. 

Besult. 

1 

Raicaeks. 


Per cent. 






1 

5 

65®Cfor30 minutes. 

Babbit * 

0*2 c c. subdural* 
iy. 

Re^mainod well 


2 

5 

55®C for 15 mmutes. 

Ditto. 

Ditto. 

Ditto. 


3 

0 

50°C for 30 minutes . 

Ditto. 

Ditto. 

Ditto. 


4 

5 

50‘^Oforl5 mmutes. 

Ditto. 

Ditto. 

' Ditto. 


6 

5 

50®C for 15 minutes 

Ditto. 

Ditto. 

Ditto. 


6 

5 

45''Cfor 15 minutes. 

Ditto. 

Ditto. 

Rabies. 7th day. 


7 

Control 1 

1 

6 

Not heated « 

Ditto. 

Ditto. 

Rabies, 7th day. 



A 6 per cent, citation of Ai:o4 rabies Virus in normal saline solution la deafcroywl at f ttmpLrature of fi0*O In 15 minnUs, but ooi 
In the same time at 46*C 
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CHAPTER 111. 


Th«* Effcfit of €<trl»{ilic Aclil on Robies Virus. 


The fact that carbolic acid destroys rabies %nrus baa never been doubted, but 
in order to kill the virus for the purpose of making a vaccine, the dilution of carbo- 
lic acid, the dilution of vims to use, the temperature to which the mixture should 
be exposed and the time limit of exposure require careful cousideratiou. The 
less the change produced in ain’ vaccine used for immunising purposes 
the better. This is a principle to be kept in mind when the object is to obtain a 
dead but otherwise unaltered and efficient vaccine. It is necessary that the active 
principle and original properties of the vaccine, once it has been rendered safe for 
use, should be interfered with as little as possible, and as so much depends upon 
the immunising properties of a rabies vaccine the utmost care should be taken in 
its preparation. 

In order to place the subject on a sound footing, it was first of all necessary to 
experiment with various dilutions of rabies virus to which had been added various 
percentages of pure carbolic acid, the mixtures of virus and carbolic acid being 
kept for variable periods either at room temperature, or a temperature of 37 °C. 
The rabies virus tised was ‘ ‘ fixed virus ’ ’ taken fresh from the medulla of rabbits 
after death from “ fixed virus rabies. 

A portion of the medulla was removed a few hours after death, weighed, then 
ground up in a mortar with sterile normal saline solution to which had been added 
the percentage of carbolic acid to be tested. The emulsions were strained through 
a fine wire strainer, and filled into bottles which were then capped with rubber, 
and finally exposed to whatever temperature it was desired to test. By this means 
it was easy to obtain any dilution of virus, and in any percentage of carbolic acid 
desirable ; it was also easy to remove a sample for experimental purposes from 
any of the bottles by puncturing the rubber cap with the needle of a syringe and 
withdrawing the piston. 

The test applied in all cases was the subdural inoculation of a rabbit with 
0‘2, or 0’25 c.c, of the earbolised virus emulsion. 

Healthy full grown animals were used in all these experiments. The animals 
were ansesthetised, trephined and the amount specified injected under the dura- 
mater. The first symptom of paralysis was taken as the first sign of rabies, 
although in some eases it might have been possible to arrive at a diagnosis by 
taking into consideration other and earlier symptoms, such as tremors of the head, 
when the aninmls were disturbed. 

;/ TABLE II.' y'' ■ 

table 
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had been kept for various periods up to 20 days at room temperature ; also the 
result of one experiment with 0'5 per cent, rabies virus in 0*5 per cent, carbolic acid 
when the mucture had been kept for 24 hours at room temperature. It will be seen 
that under these conditions 1 per cent, rabies virus in 0*5 per cent, carbolic acid 
retains its virulence unimpaired up to 12 days, and is not destroyed after 20 days, 
although it had by that time lost somewhat in virulence, as shown by a 10 days’ 
incubation period when a rabbit was inoculated subdurally, instead of 7 days, the 
normal period after which a rabbit shows symptoms of paralysis when inoculated 
subdurally with ” fixed virus.” 

In experiment 9 it will be seen that 0*5 per cent, virus in 0*5 percent, carbolic 
acid retains its virulence unimpaired at roomitemperature forj;24^hours at li^st. 


TABLE II. 


Experiments to test the effect of carMio acid on " fixed rabies virus ” when kept at room tom* 

perature (about 23“ C). 


No. of 
experi- 
ment. 

Pe rcentstge 
1 of “ fixed 

1 Titua in 
{ at>rwi<d 
RUllnc 80lU- 
1 tioa used. 

Percen- 
tage of 
carbolic 
acid 
addedi. 
i ■ 

Tim© and tem- 
perature at 
which hept be* 
fore being used. 

i . 

Animal 

inocu- 

lated. 

Amount in- 
oculated, and 
method of 
inoculation. 

. 

Hesuit. 

1 " ; ■ ■ ^ 

Rtsmajiss, 

1 

Per cent, 

1 

Percent 

0-5 . 

24 hours, room 

Babbit 

0*2 c.c, 8Ub- 

1 

Babies, 7th day. 


O 

: ' 1 

( •5 . 

temp., about 

48 hours, Toom 

. 

Ditto. 

durally. 

Ditto. 

Ditto. 


3 

i 

! 1 

0-5 . 

temp., about 
20'=C. 

3days, room 

Ditto. 

Ditto. 

• Ditto, 


4 

1 ■ 

i ' ■ 

- 1 

■ 

f, 

temp., about 
20«C. 

4 days, room 

Ditto* 

Ditto. 

Ditto. 



i 1 

> ' 1 


temp., aliout 






: 1 

i . ' ' 


20*^0. 





5 

y 1 


5 days, room 

Ditto. ' 

Ditto. 

Ditto, 





tempt, about 





I 6 

i 

1 ' 1 

0*5 , 

1 ao^c. 

10 days, roo m 

Ditto. 

Ditto. 

Ditto. 


,7- 

1, 

,0*5 V 

temp., about 
20X. 

12 days, room 

Ditto. 

Ditto. 

Ditto. 


8 

:■ '■* . 

05 . 

temp., about 

20 daj^, room 1 

Ditto.- ;■ 

Ditto, 

RabtHif, JOtii 





temp., about 



,■> 



















about 


' 

[■ . . I ^ ' .1 ^ ' -1 / 

■ / ' ; 
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TABLE TII 

III tU(' niH‘ cvporimPiO ■? ioforil(*(l in this table, sp\oii were rarriedout with 
2 )ioi rent, dilutions ol \irus in 1 }w r tont-cdibolicaeid; and two with tper cent 
diliifious of vims in 2 ]« r cent-<.itbolir ,icid, when the mKt lives had been kept at 
room tenuM'i.iluie for vaiious peiiods. 

The r< suits show that a 2 }m>t cent, dilution of virus letains its virulence un- 
imp iired in 1 penult. ( iiboht .u ul at room tempeiatine tor B days, but begins to 
lose it aftei 1 days and is killed in (5 days ; and that a i per cent, dilution of 
Mills in 2 per u nt. laiboln a< ul is killed in 2t houis at room tempeuture. 

From these results it is evident that the amount of carbolic a( id (2 percent.) 
nen’ssaiy tokilla i jier lent, dilution of rabies vims in 24 horns at room tempera- 
ture is too laige an amount to be retained m a vairine intended for antirabic 
treatment ; on this auount it was derided to test the effects of a reduction in 
the per entage of vinis, ,ind not to ini rease theiarbolii and beyond 1 per cent, 
(see Table H ). 

TABLE 11 r 


rji^u niM uh to tf 'ft fh( <!/(( t of < arlmhf ai td on “ fixed rnhies i truf ” h/k h lept at room Ittn- 

ptrnhm (ahout 2 ! t'). 


\o lit 

t xjw n 

r 1 1 1 

n fl i i 

V HH 1 

1 ri nl 

P( lU 11 
t V't < t 
f ailKilu 

1 nil ukI U m 
|)( t itUK it 
\tllHll k< fit 

Vniiiul 

IIKH u 

\ mil uni in 

0 ( ulnttd and 
liHthfxl ot 
miKuhti >n. 

K(sult. 

Rlmaeks 

tlHIit 

Uiuf 1 1 
tit u u i i 

II id 
Kidid 

bfing 

llsiij 

htiil 



P< r n nt 

P( 1 cent 

1 





1 

> 

1 

Jit HIOIU 

Jt tbbll 

0 2 f.( . sub 

Kibus 7tii dij 




1 

it iiifK 1 liuK , 
iboiit 20 ( 1 


dundly. 



2 


1 

IS hdui*', room 

Ditto. 

Ditto 

Ditto. 




1 

tim|iuitiiH, 
ibiiut JO ( . 1 






*> 

** 1 

1 

di\s, room 

IhUo. 

Ditto 

Ditto, 



1 


ft nifH I lititc , 

Onml 20 ( 






*> 

i0 1 

! 

4 loom 

Ditto. 

ueto. 

Kiluc^, 8tli d i>. 





ti nifH i itmi , ] 

nl)t>iit 2tt V 1 


1 



o 


1 

<> fii\s room 

Ditto. 

Ditto 

R* niuini <1 yt,i 11. 





U mjM caliiu , 
ikoit 20 (*. 





«■ 

2 

i 1 

0 KHim 

h mfuratun, 
uhowt 2<i 0 

Ditto. 

Ditto, 

j 

Ditto. 


7 

0 

1 

12 Oa\s, room 

Ditto. 

Ditto. 1 

Ditto. 




! 

U nifh latuu , 
alMmt 20 V 





« 

4 

2 

24 hourn, room 

1 Ditto. 

Ditto. 

Ditto. 




1 

1 lonifioratims 
' ulKiutS^ia 

! 




0 

i 

! 2 

1 24 bourn, rcwim 
uns 

alH>ut 20 i\ 

Ditto. 

Ditto 

1 

Ditto. 

1 
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TABLE IV. 

This presents a series of experiments carried out with 1 per cent, dilutions of 
rabies virus in 1 per cent, carbolic acid normal saline solution when kept at room 
temperature for various periods. 

The results of this series show that a 1 per cent, dilution of virus retains its 
virulence unimpaired for 3 days in 1 per cent, carbolic acid at room temperature 
but begins to lose it after 4 days, and is killed in 6 days, tlierefore a vaccine prepared 
by this method would require 6 days, and it would then have to be diluted with an 
equal volume of normal saline solution so as to reduce the amount of carbolic acid 
to a workable percentage for antirabic treatment. This would give 0'5 per cent, 
dead rabies virus in 0*5 per cent, carbolic acid after waiting for 6 days. A vaccine 
prepared by this method would be too dilute for efficient treatment, so the method 
was discarded. 

An efficient rabies vaccine should contain at least 2 per cent, rabies virus, and not 
more than 0*5 per cent carbolic acid when administered to patients. To obtain 
such a vaccine by killing the virus in carbolic acid at room temperature in 24 hours 
without having to add too large a percentage of carbolic acid in the first instance 
would be impossible. Marie^ states that rabies virus in 1 per cent, dilutions is 
not destroyed in 2*5 per cent, carbolic acid in 24 hours at room temperature. 

TABLE IV. 


Experiments to test the effect of carbolic acid on “ fixed rabies virus ” when kept at room tempera- 
ture {ediovt 2f C). 



Pert enta *i 
) of fitod 

Peicen- 

Time and Urn- 


Amount 



Ko oi^ 

tac;o oi 

peratnie at 

Animal 

inoouiattd, 

1 


Oi,pen- 

1 \ irus ” m 
normal 
Ralme koIu 

carbolic 

\^luch kept 

mocu- 

and 

, Besult 

Bwiaiws. 

ment. 

acid 

befoie bung 

lated. 

method ot 

1 



1 tion nsed 

added. 

used. 


inoculation* 




Pen cent 

Per cent 






1 

1 

I 

24 hours, at lOom 

Babbit 

0 2 c c., sub- 

Babies, 7th day. 





teni[)eratmG, 
about 20‘'C. 


durally. 



2 

1 

1 

48 houis, at loom 

Ditto. 

Ditto 

Ditto. 





temperature, 
about 20 ’C. 






1 

1 

3 day«, at room 

Ditto. 

Ditto 

Ditto* 





temperature, 
about 20^0. 



1 


4 

1 

1 

4dajs, at room 

Ditto. 

Ditto . 1 

[ Babies, 8th day. 





tompeiature, 
about 20® . 





5 

1 

1 

6 days, at rom 
temperature, 
about 2QK\ 

Ditto. 

Ditto , 

Bemained well* 


6 

1 

1 

9 days, at room 

Ditto. 

XHtto 

Ditto. 





temperature, 
about 20®C*, 





7 

1 

1 

12 days, at room 
temj^rature, 

about 20®0. 

Ditto. 

Ditto * 

DlUa 



««Dt etjSSila vM •» worn («»»» »"<»• 

* Mwlfr-L’lttida EKpwiawatal* 4* h lUea. WS. 
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TABLE V. 

Owing to the results obtained from the experiments given in Tables II, III, 
and IV with dilutions of rabies virus in various percentages of carbolic acid, 
it was necessary to try the killing effects of carbolic acid on rabies virus at a 
temperature of 37°C. It is a well knowm fact that rabies virus can survive for a 
prolonged period in glycerine at room temperature, but is quickly killed in gly- 
cerine at a temperature of 37^0. It will be seen from the experiments which follow 
that the killing power of carbolic acid on rabies virus is also increased at a tem- 
perature of 37®€. In this series of twelve experiments, four were carried out with 
O'Sper cent, carbolic acid added to 2 per cent., 1 percent., and 0%5 percent, dilu- 
tions of rabies virus ; and eight with 1 percent, carbolic acid added to 1 percent, 
2 per cent., and 4 per cent, dilutions of rabies virus. All these carbolised emul- 
sions of virus were kept for 24 hours at a temperature of before being used 
to inoculate rabbits subdurally with 0'25 c.c. 

On referring to the table it will be seen that 0*5 per cent, carbolic acid does not 
kill rabies virus in 24 hours at a temperature of 37°C even when the virus is tested 
in 0‘5 per cent, dilutions ; and that 1 per cent, carbolic acid kills a 4 per cent, dilu- 
tion of rabies virus in 24 hours at this temperature (ST'C). 

The result of this last experiment showed that it was reasonable to expect 
that 1 per cent, carbolic acid at a temperature of 37°C would probably kill stronger 
preparations of the virus, and as this point was of practical importance in the 
preparation of a stronger vaccine it was neees.sary to investigate still further the 
killing properties of carbolic acid at a temperature of 37 °C. 


TABLE V. 


Experhnents to test the effect of carbolic acid on “ fixed rabies virus ” ichen kejd at a tem- 
perature of lfi°C for 24 hours. 


Ko. oi 

reri'tiiitage 
of *“ fixed 

Percen- 
tage of 

Time and 
temperature 

i 

Animal 

Amount 

inoculated. 

and 

method 
of inocu- 
lation. 

i 

i 

exjieri- 

ment. 

v.rus ** 111 
rtormal 
Mliiifi aoiU" 

carbolic 

acid 

at w hich 
kept before 

inocu- 

lated. 

Result. 

Remahks. 

1 ton uaeU. 

! 

added. 

being usied. 



• 

Per cent* 

Per cent. 


, 



1 

2 

0-5 

24 hours at 37'^C 

Babbit 

0‘23 c.c. 

Babies, 9th day. j 

2 

2 

0*5 

Ditto, 

Ditto. 

Ditto. 

Ditto. > 

3 

1 

i 0’5 

Ditto. 

; Ditto. ! 

Ditto. 

Babies. 7th day. 

4 

i 

! 0*5 

Ditto. 

Ditto. 

Ditto. 

Babies, Bth day. ; 

5 

1 

i ^ i 

Ditto. 

: Ditto. 

Ditto# 

Bemained well# ; 

0 

2 

1 ! 

Ditto. 

I Ditto. 

Ditto. 

Ditto, 


7 

4 

1 i 

Ditto. 

: Ditto. 

Ditto. 

Ditto. 

' 

8 

4 

1 i 

Ditto# 

■ Ditto# 

Ditto. 

i Ditto. 


0 

4 

1 ■' 1 

Ditto. 

; Ditto. 

Ditto. 

Ditto. 


10 

4 ' , 

-1' i 

Ditto# 

; Ditto. 

Ditto, 

Ditto, 


ll 

■ . 4 - ' 

l; - 

Ditto# 

i' Ditto.' 

Ditto. 

Ditto. 


■'12 . 

4 

;"■'■■ '-'1 


Ditto# 

Ditto. , , 

j.. Mtto# V 

Ditto. 
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TABLE VI. 

In the series of six experiments recorded in this table the rabicidal properties 
of 1 per cent, carbolic acid at a temperature of 37°C were tested on 8 per cent, 
dilutions of rabies virus, with the result that in every instance the virus was 
killed in 24 hours, A vaccine prepared by this method and then diluted with an 
equal volume of sterile normal saline solution becomes 4 per cent, rabies virus in 
0‘5 per cent, carbolic acid normal saline solution ; a very suitable strength of virus 
for antirabic treatment, containing sufficient carbolic acid to prevent any chance 
of subsequent contamination when stored for use after being made up. 

The safety of such a vaccine is beyond dispute ; so the next point to decide was, 
is it efficient in conferring immunity against the subdural inoculation of lethal 
doses of living rabies virus in animals, such as monkeys, dogs, and rabbits ? The 
immunising experiments recorded further on furnish the answer to this question. 

TABLE VI. 


Experiments to teat Ute effect of carbolic acid on “ fixei rabies wke» kept oi a 

peroAure of 37^*0 for 24 hours. 


No, of 
^xperi- 
ment 

Percentage 
of '‘ttxed 
Virus** fn 
normal 
aaliQB 
solution 
used. 

Percen- 
•tage of 
carbolic 
ackl 
added. 

Time and 
temperature at 
winch kept 
Wfore being 
used. 

Animal 

inocu- 

lated. 

' ■ • 

Amount 
inoculated, 
and method 
of inocu- 
lation. 

Eesnit 

Rkmakics, 


Per cent. 

Per cent. 






[1 

8 

1 

24 hours at 
37"C, 

Rabbit 

0*25c.c., 

snbdurally. 

Remained well. 


2 

8 

1 

Ditto. 

Ditto, 

Ditto, 

Ditto, 


3 'i 

8 

1 

Ditto, 

Ditto, 

Ditto, 

Ditto, 


' ; ^ ' 

^ 'I 

■ 1 * 

Ditto, 

Ditto, 

Ditto, 

IHtto, 



'8 1 

1 

Ditto. 

Ditto, 

Ditto, 

Ditto, 


^ \ 

i 

8 -j 

1 

Ditto, 

Ditto, 

Ditto, 

Ditto, 

1 . 



8 pet cent.aUtttloiao!“ axed r*blef vtrm " to normal mUne KiUrtion «« UUea Ip 1 p« eM»fc to St ImlM « • VMi. 

IMSttitiiie o! 87* a , 
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CllAPTiltt II. 

fhe Street of H'ormal S^altne Solution on ttabies Tims. 

Before proceeding to demonstrate fciie immimising properties of a 4 percent, 
dilution of dead rabies virus in O'o per cent, carbolic acid, it is necessary to prove 
the effect of normal saline solution on rabies virus at room temperature, and also 
at’ a temperature of 37°C as some of the tests of immunity (such as the rabicidal 
properties of the serum) applied to the animals treated with dead rabies vinjs 
depend upon this point, viz., whether dilutions of rabies virus are or are not quickly 
killed in normal saline solution. 

The experiments of Lamb and McKendrick^ on the effect of incubation at 37°C 
on 1 in 200, and 1 in 1,600 dilutions of rabies virus in normal saline soultion for 
various periods up to 24 hours show that the virus is partially destroyed after from 
2 to 4 hours, and completely destroyed after 24 hours. My own experiments on 
this point failed to confirm those of Lamb and McKendrick (see Table IX). 


1.— At Boaui Temperature. 

TABLE VII. 

The experiments in this table were carried out with a 1 per cent, dilution of 
" fixed virus ” in normal saline solution, when kept at room temperatiue (about 
20*C) for various periods up to 15 days. 

All the animals inoculated subdurally with 0'2 c.c. of the virus kept under 
these conditions for 1, 2, 3, 4, and 11 days developed rabies on the 7 th day, proving 
that no diminution of virulence had taken place up to that time. One animal 
was inoculated subdurally with 0‘2 c.c. of the virus after it had been kept for 15 
days, and rabies developed on the 9th day. 

These results prove that rabies virus retains its virulence unimpaired in 1 per 
cent, dilutions in normal saline solution at temperature for 11 days at least, 
and is not deetmyed in 

'«Bh ' -tA Uhi'. ibiiMl 
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TABLE VII. 


Experiments to test the effect of normal saline solution on ” fixed rabies virus ” when kepi at room 

temperature {about 2[/°C). 


No* of 
experi- 
ment 

percentage 
of “ fixed 
Tini8»’ in 
normal aaline 
aolutoa 
used. 

Time and 
temperature at 
wliieli kept 
before being 
’ used. 

Animal 

inoculated. 

Amount 
inoculated, 
and method of 
inoculation. 

i 

Bbhaeks. 


Per cent. 



, 


1 

1 

24 hours, room tem- 
perature, about 20® 
C. 

Babbit 

0*2 c.c. sub- 
duraliy. 

Babies, 7th day. . 

2 

1 

48 hours, room tem- 
perature, about 20® 
C. 

Ditto. 

Ditto. 

Ditto. 


3 

1 

■1 

3 days, room tempem-| 
ture, about 20® C ! 

1' j 

Ditto. i 

Ditto. 

1 

j 

Ditto, 


4 

1 

4 days, room tempera-1 
ture, about 20® 0. | 

Ditto. 

Ditto. 

Ditto. 


5 

1 

11 days, room tem- 
perature, about 20® 
0. 

Ditto. 

Ditto. 

Ditto. 


6 

1 

15 days, room tem- 
perature, about 20® 
C\ 

Ditto. 

Ditto. 

Babies, 0th day* 



A 1 pet cent. dUutlon ol " fixed virus” In nomud i»Une Kiltttton U not dnlroyed in 15 dny* when kept *t room te»pet*tore (»boDt ■ 
20’C). 


3.— At a Temperature of 37'C. 

■ y 'TABLE VIII. 

The object oi this series of experimettts was to test the effects of 1 i 
and 0'5 per cent, dilutions of rabies virus in normal saline solution when kept 
24 hours at a temperature of 37°C, then for 24 hours at room temperatoin, Stid 
finally for 24 hours in 0’6 per cent, carbolic acid at rooin tempemtuna. The insnlts 
show that a 1 per cent, dilution of virus when subjected to 
produced rabies in a rabbit on the 7 th day after subdural imwn^ , 

biC. ; and tet a O'IS dilution 6f ylrra affe^ 

labiM'; in 'rabbits'- nn:>he: 8t]b'’'day''a|i^-''snWMd,^ 
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It is evident from these results that a 1 in 200 dilution of rabies virus in normal 
saline solution is not destroyed in 24 hours at a temperature of 37'^C ; and that it 
can still further survive the effects of 0‘5 per cent, carbolic acid for another 24 
hours at room temperature. 


TABLE VIII. 


Exjteriments to test the effect of norinnl saline sobuion on “ fixed rahks virus ” when kept for 21 
hours at .‘i/ ’6’, followed hij O’o per cent. carMio acid at room temperature for another 2 j hours. 


Dilution 
f ! of ‘‘ fixed 
virus ’’in 

; .solution. 

Treatnient to 

which it was Animal 

.subjecte4 [wdore imxmlafed. 

f]K*inc u.secl. ; 

Amount 

1 iiKXJulated. 
j and nu?tbod 

1 of inoculat iom 

i 

Result. 

Remabks, 

1 : linim 

\ 

\ 

24 hoards at 37'C, then; Rabbit 

24 boui^ at room | 
temperature, and | 
finally 24 hours in ! 

J jier cent ,, carbolic ; 
acid at room tern- j 
tiorature. ' 

} 

j 0*3 c.c. sub- 

I 

1 

1 

I 

Babies, 7th day. 


2 ; linSCK! 

Ditto. Ditto. 

' Ditto. 

Rabies, 8tb day. 


3 Ditto. 

Ditto. Ditto, 

' Ditto. 

Ditto. 


4 1 Ditto. 

Control.: 

24 hoiu’s at 37^C . Ditto. 

; Ditto. 

Rabias, 7th day. 



I nn<i J per eent. dilutiojn oi “ llxeit viriw ” in norma! saMno solnlitmare iint dr wJit'ii kept for Itouft at 

ii tomporfttiiro of tlirn for t24 liuurs Bt room tuniiJiirutnrv, followwl by anotln-r «4 liaurs in 0*5 per cent, t'^rbolic acid ot rooiii 

tympcfikturo. 


TAB1.E IX. 

The results recorded in Table VIII clearly indicate that a temperature of 
37°C. for 24 hours has no effect in diminishing the \drulence of either a 1 per 
cent, or a O'o per cent, dilution of rabies virus in normal saline solution. 

In order to leave no possible doubt on this point it was decided to carry out 
similar experiments, but with higher dilutbns kept for various periods up to 24 
hours at a temperatme of 37°C. Two dilutions in normal saline solution were 
prepared from the medulla of a rabbit a few hours after the animal had died 
ftoni fixed virus-one dilution 1 in 200, and the other 1 in 1,(500 — and both were 
placed in the incubator at a temperature of STT. Two control rabbits were 
inoculated subdurally with these dilutioms immediately they were made up; 
one with 0’2 c.c. of the 1 in 200 dilution, and the other with 0’3 c.o. of the 1 in 
1,^ dilptbh ; and anitQftls devebped rabies on 
. A M rahbite wim» sal)dtiia% e.c. the X la 200 
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similar series with 0'3 c.c. from the 1 in 1,600 dilution also kept for 1, 2, 4, and 24 
hours in the incubator at 37 The rabbits inoculated %vith the 1 in 200 virus 
kept fori, 2, 4, and 24 hours at 37°C all developed rabies on the 7th day ; and 
those inoculated with the 1 in 1,600 virus kept for 1, 2, and 4 hours also developed 
rabies on the 7 th day. 

Two rabbits inoculated with the 1 in 1,600 virus kept for 24 hours at 37®C 
developed rabies, one on the 10th day, and the other on the 11th day* 

The results of this series of experiments prove that dilutions of 1 in 200 rabies 
virus in normal saline solution are not destroyed in 24 hours at a temperature 
of 37°C ; and that dilution of 1 in 1,600 loses nothing of its virulence when kept 
for 4 hours at a temperature of 37°C, but has lost a little of its virulence although 
not destroyed at the end of 24 hours. 

TABLE IX. 


Experiments to test the effect of normal saline solution on “ fixed rabies virus ” when oit o 
temperature of S7^C for various periods up to 21 hours. 



! Percen- 

- 

; , . 


I ■ , ' ' 

I: - ■ 


Ko, of 
experi- 
ment. 

tage of 
fixed 
virus ” 

1 in normal 
saline 
, solution. 

Time and 
temperature at 
which kept 
before being 
used. 

1 

1 Animal 
i inoeulated. 

Amount 
inooulatedr 
and method of 
inoculation. 

1 ' 

1 

1 ' ' ' 

i Eesult. 

; ', , . '■ 

1 ' ' , ■ ' ' 

BitJCAmKS. 


1 

I linSOO 

i 

Used w’hctt made up 

Rabbit . 

. ' 

0*2 c.c. sub- 
durally. 

Rabies, 7th ' 
day. 

Oontroladf 



i 



' ^ 

©xperi- 
ments 3, 



2 

Ditto. 

Ditto. 

Ditto. 

0*3 e.c. sub- 

Ditto. 

4, 5and6. 



I 

1 



durally. 




S 

1 Ditto. 

lhourat37°C 

Ditto. 

Ditto. 

Ditto. 



4 

Ditto. 

2 hours at 37*^0 

Ditto. 

Ditto. 

Ditto. 



r> 

Ditto. 

4haui«at37°C . 

Ditto. 

Ditto. 

Ditto. 



6 

Ditto. 

24 hours at 37°C . 

Ditto. 

Ditto. 

Ditto^ 



7 

1 in 1,600 

Used when made up 

Ditto. 

Ditto# 

. Ditto.; [:]■;' . 

Cbitod of 








manfv 8* 








0, 10,11 


8 

Ditto. 

1 hour at ZTC 

Ditto. 

Ditto. 

Ditto. 



9 

Ditto. 

2haurBat37^ 

Ditto. 

■ 'Wtte.' - ’ 

DUto. 

’ 


10 

Ditto^ 

4hdu2»at37®0 . 

IMttOf 

V' Ditto.. 



rV ;; 



Mho,inwal;'37^.''\ ♦ 






;;n ' 

'Mi 

Ditto. 

riM'kS- 

'Ditto.;' 'V; 

7^ 

’ wm. . ' 

- • ,.v .v,-...'.' 

liyh 

f . -1 ' '.fi 
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illAPTEU V. 


The ot Animals with Rabies Aims killed by Carbolic 

Acid, and their >Siibseqiieiit Resistance to the Sabdnrai Inocula- 
tion of Lethal Doses of “ Street Virus,” and also of “ Fixed Virus.” 


Hie vaccines used in these inimunising experiments were prepared from the 
brain and medulla of rabbits dead from ” fixed virus ” rabies. The dilutions of 
living virus used to test for immunity were prepared from the medulla. In no case 
was a vaccine or a test virus prepared from the spinal cord, as the cord contains 
less virus than the brain and medulla, and besides the viras in the cord may not bo 
so evenly distributed as it is in the brain and medulla. 


Nitsch^ has shown that in “ fixed virus ” rabies the brain and medulla are 
more virulent (i.e., contain more virus) than the spinal cord, and this has been 
confirmed by other workers. 

In three of the four series of experiments here recorded, the virus was killed 
by exposing 8 per cent, dilutions in 1 per cent, carbolic acid normal saline solution 
to a temperature of 37^0 for 24 hours. An equal volume of sterile normal 
saline solution was then added, and the mixture pub aside until it was required 
for use. This gave a 4 per cent, dead virus in 0‘5 per cent, carbolic acid. 

In one series of experiments (Table IV, 4th series) on rabbits, the virus used 
was a 2 per cent, dilution in 0'5 per cent, carbolic acid, and killed in the same way 
as described above, viz., by exposing a 4 per cent, dilution of fixed virus in 1 per 
cent, carbolic acid normal saline solution to a temperature of 37 °C for 24 hours 
and then diluting with an equal volume of sterile normal saline solution. 

The animals subjected to treatment were monkeys, dogs, and rabbits. In 
all cases the vaccine was injected hypodermically on the sides of the abdomen, 
and as far as possible a fresh site was selected each time. One dose of vaccine was 
given daily, — a small dose to begin with, and gradually increased as treatment 
advanced. During the treatment the animals remained in good health, and as 
they were well fed and attended to they increased in weight. In no case were 
any local or general effects noticed. Ordinary aseptic precautions were observed 
in administering the daily doses of vaccine. 

The length of time which elapsed after the vaccine was prepared and before 
it Was used varied from ten days to three weeks, and in no case was the vaccine 


used until it had been proved dead by the result of the subdural inoculation of a 
Sample into a rabbit. none of the rabbits which had b^h inoculated ^b- 
with 8 per cent, virus kept for 24 hours in 1 per cent carbolic acid at a 
of S7®G developed rabies, it may im iwceptad i^i pro v^^ Virps 





I ^ "I ' tj 
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which has been subjected to this treatment is invariably killed. This opinion is 
based on the results of some 20 experiments. 

The test of immunity applied to the animals after treatment consisted in the 
subdural inoculation of living virulent rabies Aurus ; and previous to this the serum 
was tested for its rabicidal properties. The results of these experiments are given 
in the tables which follow. 

It is necessary to explain that the subdural inoculation of living rabies virus 
is a very severe test of immunity, and that it requires a very high degree of immunity 
to withstand this test. In the practical application of antirabic treatment, it is 
hot necessary to confer such a high degree of immunity in order to prevent infec- 
tion from the bites of rabid animals. I am sure that very few (if any) patients 
after undergoing an ordinary course of antirabic treatment at a Pasteur Institute 
would survive the subdiual inoculation of living rabies virus, although they had 
acquired sufficient immunity to prevent the onset of hydrophobia after being 
bitten by rabid animals. 

The fact that it is possible to immunise even a small percentage of animals 
treated with a rabies vaccine against the subsequent subdural inoculation of a 
living rabies virus is sufficient proof that such a vaccine is efficient. 

It is a well known fact that no matter what method we adopt in immunising 
animals with rabies virus, only a percentage of them will be able to withstand the 
subdural inoculation of living virus. In the immunising experiments recorded 
in this paper, 8 animals were treated with dead virus, and afterwards trephined 
and inoculated subdurally with living virus, with the result that 6 remained wellj 
and 2 developed rabies. The 2 which developed rabies, developed it at a later 
period than the control animals, proving that they were more resistant than the 
controls. 


It is worthy of note that all the monkeys (four) treated with dead Vaccine 
survived the subdural inoculation of living virulent virus. This result in itself is 
sufficient proof that the vaccine used was efficient, and there can be no manner of 
■doubt about its safety. , 

The other test of immunity applied to the 8 animals timted with 
rabies vaccine was the rabicidal properties of the serum. ! 

Samples of blood were taken (in some cases once, and in other cai^ twic^^ 
before the animals were trephined for subdural inoculation, and when the serum ; 


had separated it was mixed with an equal volume of diluted living 
and the mixture placed in the mcabator at a temperatote of ST’C fm 2 ^ 
After mmainmg for 2 hours at a tempearatme of S7®e, the mixture wii ibrnovedt 
■' and ‘0^2 c.c, moeaiated subduraily into^xabWhi,.:-'’' 


ratV-t;' ■■■■■■ 
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Altogether 12 experiments and 12 control experiments with serum were carried 
out as described above, with the result that evidence of complete rabicidal power 
was present in 7, and in the remaining 5 there was evidence of considerable rabi- 
cidal power, as the animals developed rabies at a later period than the control 
animals in which normal serum was used. The \drus dilutions used in these 
rabicidal experiments were passed through a fine wire strainer to keep back any 
coirrse particles of fibrous tissue which might be present, and in no case was the 
virus passed through a filter of any kind. 


1st Seriks of Immcsisixo Experiments. 

In this series of experiments, two healthy full grown monkeys each 
weighing about 15 lbs. were immunised. They were the species of common brown 
monkey found in the hills in the neighbourhood of Kasauli, and had been in cap- 
tivity for three or ftmr months before being experimented on. Each received 
one inoculation daily for 24 days of a 4 per cent, dilution of dead rabies virus in 
0'5 per cent, carbolic acid normal saline solution. The smallest dose given was 
1 c.c. and the largest 3 c.c., and the increase from 1 to 3 c.c. was gradual. The 
total amount of vaccine injected was 50 c.c. 

Both animals remained in good health during treatment and gained a little 
in weight. 

Eleven days after completion of^ treatment, samples of blood were taken, 
and the serum tested for its rabicidal power on “ fixed virus.’" One monkey’s 
serum showed a complete rabicidal effect on an equal volume of 1 in 300 dilution 
of “ fixed virus,” when the mixture of serum and \irus was kept for 2 hours at a 
temperature of 37°C, and the other monkey’s serum an incomplete but marked 
rabicidal effect. (See experiments 1 and 2 in 5th series.) 

Fifteen days after completion of treatment both monkeys were trephined and 
inoculated subdurally with 0”2 c.c. of a 1 in 600 dilution of 2nd passage “ street 
vims,” fresh from a rabbit’s medulla a few hours after death from 2nd passage 
” street virus.” 

Both monkeys remained well. 

Two control rabbits were inoculated subdurally with the same virus ; one 
with 0T5 C.C. of 1 in 500 dilution, and the other 0T5 c.c. of 1 in 1,000 dilution. 
The former developed rabies on the Ilth day, and the latter on the 12th day. 

Another control rabbit inoculated subdurally with 02 c.c. of the virus used 
to immunise these monkeys remained well. 

The results of this series of experimerita prove that monkeyu can be highly 
; Immunise by the hypodennio inoculation of rabies virus, 

:vii^ 
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TABLE L 

IsT Series op iMMUNisisra Experiments, 

Experimet^ on monkeys to test the immunising properties of dead rabies virtts. The mrus wets 
hilled by exposing an S per cent. dUution of “ fixed virus ” in 1 per cent, carbolic daid normal 
saline solution to a temperature of 37^C for 24 hours ; it was then ddvted with an equal 
volume of normal saline solution, which gave 4 per cent, virus in 0’3 per cerd. carbolic acid. 




TotAl quantity 



j ■ ' ' 

No. of 
experiment* 

Duration of 
treatment. 

uf 4 rwr cent, 
dead rabies viru^ 
iniecfei*d f+uh- 

• Test to wbicb subjectetl. 

Reauit. 

RmHABKS. 


tutaneoU’^iy. 




1 , Monkey 

One injection 

50 c.c. 

15 daj'S after completion 

Eeinalned well. 

; 


daily tor 24 
days. 


' of trealraenl, was tre- 
; phined and inoculated 
: suMurally with 0*2 o.c. 
of 1 in 500 dilution of 
2nd passage street 
; virui^" fresh from a 






! rabbit's mcsdulla. 



2. Monkey 

Ditto. 

Ditto. 

j Ditto. 

Ditto. 


3. Babbit* Con- 



; Trephined and inoou- 

Rabies, llth day. 


trd of test 


1 

i lated subdurally with | 


Yirus, 

■ 

1 - ■ 

1 

1 

i 0*15 c.e. of 1 in 500 | 
; dilution of the same ; 
; virua used to test the | 
; two monkeys. 

' . i 


4. Ealibit, 2n(l 

. , 

1 

i Same as !No. 3 mtperi- 

Rabies, 12th day. 


control of test 



1 luent, with the exoep- 


virus. ' 


I 

i 

' tion that 1 in 1,000 
i dilution of test virus 
i , was used. i 



5. Rabbit. Con- 

• • 

• » 

! Trephine<i ami inocu- | 

Remained well. 


trol of immu- 
nising virus. 



i lated siibdurally with 
j 0*2o.c. of the virus used 




i 

j for immunising Xos. 1 
i and 2 monkeys. 

i - 





2nd Series op Immunising Experiments. 

In this series two healthy full grown monkeys of a similar species to the two 
used for the 1st series of experiments were immunised. Each weighed about 16 
lbs.; and they had been in captivity for three months before being experimented on. 

Both received the same treatment, m., one hjrpodermic injection daily for 24 
days of a 4 per cent, dilution of dead rabies virus in 0*5 pet cenk carboUc^ ^ 
normal saline solution. 

The smallest dose given was 1 c.c. and the largest 3j c.c., and the increase 
from 1 c.c. at the outset to 3| c.c. later on was gradual. liTo change was appatent 
in the condition of their health during treatment. 

Fourteen days after the completion of treataiCnt samples of blood were taken 
to test for rabicidal properties of the serumw^^^^i test appMed to the ^ruin Cl 
these two mdnkeyer was carried out in a nuumesr 
serum of the two tooiikeys ref ' 
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TABLE III. ’ 

3ai> Sbbies of iMUDNismo Bxpeeiments. 

Sxperimenis on dogs to test the immunising properties of dead rabies virus. The virus was kMed 
hg exposing an 8 per cent, dilution of " fxed virus ” in 1 per cerit, carbolic acid nornwd saline 
solution U> a temperature of S7°C. for 24 hours ; it teas then diluted with an equal volume of 
normal s<dine solution, which gave 4 per cent, virus in O' 5 per cent, carbolic acid. 


No. of 
experiment. 



Duration of 
treatment. 

total quantity 
of 4 per cent, 
dead rabl«» virua 
jniecM sub- 
cutaneouaiy. 

Test to whieli subjected. 

Result. 

Iremarks* 

U Dog, weight 
24 lbs., full 
grown. 

One injeetion 
daily for 28 
days. 

100 c.e. . 

24 days after completion 
of treatment, w'^as tre- 
phined and inoculated 
subduraily wntli 0*3 c.c. 
of 1 in 600 dilution 2nd 
passage jackal's virus, 
fresh from a rabbit's 
metlulla. 

Bemained well. 


2. Puppy 
weight 13 Ibft. | 

Ditto. 

90 e.c. . 

1 

Ditto. 

Babies, 29th day. 


3* CJoatrol dog, | 
weight 14 lbs. 1 
lull grown. ; 



Trephined and inocu^ 
lated subduraily with 
0*3 c.e. of 1 in 600 | 
dilution of same virus 
used to test Nos. 1 and 

2 dogs. 

i Babies, lOth day.; 

1 

I 


4. Rabbit* Con* 
tro! of imniti- | 
vinij^* i 

1 



Trephined and inocu- 
lated subduraily with 
0*2 c.c. of the virus 
nsed for immuniaing 
Nos. 1 and 2 dogs. 

Bemained well, i 

1 1 
1 



4th Series of Immunising Expebehents. 

The experiments in this series were carried out on rabbits. Two healthy full 
grown rabbits each weighing 2| kilogrammes were immunised with 2 per cent, 
dilutions of dead rabies virus in O‘o per cent, carbolic acid normal saline solution. 
They received one hypodermic injection daily for 24 days. 1116 doses varied 
from 0'5 e.c. at the outset, to 2 e.c. later on, and the increase from the smaller to 
the larger doses was gradual. The total amount of vaccine given to each animal 
was 36 c.e. 

On the 8th day after completion of treatment the serum of both animals gave 
a complete rabicidal effect when mixed with a 1 in 200 dilution of “fixed virus ” 
and kept for 2 hours at a temperature of 37®C. 

On the 26th day the serum was again tested on a I in ^ dilution of '" fixed 
vims ' ’ when the rabicidal effect was found to be complete in one, and incomplete, 
,^hht {marked;', in 'the other,.. 

; d^y altW compte oi tn^tiiimt iwth 
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virus ” fresh from the medulla of a rabbit dead from 2nd passage “ street virus ” 
rabies. One rabbit remained well and the other {the one whose serum gave a 
incomplete rabicidal efiect on the 25th day) developed rabies on the 16th day. 

A control rabbit inoculated subdurally with a 1 in 400 dilution (i.e., half the 
strength) of the same virus used to test the two immunised animals developed 
rabies on the 10th day. Another control rabbit inoculated subdurally with 0’25 
c.c. of this virus used to immunise the two rabbits remained well. 

The results of this series of experimeuts show that rabbits can be immunised 
with hypodermic injections of dead rabies virus; and of two rabbits immunised by 
this method one attained a degree of immunity sufficient to withstand the subdural 
inoculation of virulent rabies virus, and the other almost succeeded in attaining 
this degree of immunity. 

The test applied to these two rabbits was a very severe one, wz., the subdural 
inoculation of 0*25 c.c. of a 1 in 200 dilution of virus. A more highly dilated virus 
such as 1 in 600 or 1 in 1,000 would have been a fairer test. 

TABLE IV, 

4tb Sebies oe Imhunisinq ExPEaniENre. 

Experimenis m rdibits to teat the immunising propertks of dead rahiea virus. The virus wed wear 
kiMedhg exposing a 4 per cent, dilution of “ fixed virus ” in t per cent. catbolio atM normal 
saline sohaion to a temperature of for M hours ; it was then dUvted with an equal 
volume of normal stdine solution, whvh gave 2 per cent, virus in OS per cent, earbdie acid. 


1 ^ 0 . of experi- 
Riont. 

Duration of 
treatment* 

Total quantity 
of 2 per cent, 
dead mbiea virni 
mjeeted Sttb- 

Test to which subjected* 

f 

Besults* 

Bbhaexs. 



cutanooiuly* 




1 

On© injection 

36 c*c. 

25 days after completion 

Bemained well* 

The test ap- 


daily for 24 


of treatment was tre- 


plied to 


days. 


phined and inoculated 


these two | 




subdurally with 0*25 c.c. 


experiments 




of 1 in 2(H) dilution of 


(Kos* 1 and 




2nd passage “stioet 


2) was a 




vims*’ fresh from a 


severe one, 




mbbit’s medulla* 


iW' 

toed WM 

2 

Ditto 

Ditto # 

Ditto ditto 

EabieSi 16th day* 

mSSBmmm 

Z. Control of 

• * 



Babies, lOth day. 


t66t VITIB* 






■' , 



experiments 1 and 2* 



4* Control of 



Trephined and Ihocid^MI 









. 'fkm* - 


OiOni , of .vima "aaed 






' .the ' 

'tiiiiitYtii 'If' 
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€ll4PTji!II VI. 

Tlie Evkleiifi* «f liiiiiiiinit.v in tlie Seram of Aiiinmls treated with 
Itiiides \ irm hilled hy Carbolic Acid. 

SERIES V. 

Expesimejjts to test the rabicidal properties op the serum op animals immunised 

WITH DEAD BABIES VIRUS. 

This series of experiment.s gives the rabicidal properties of the serum of the 
eight animals (four monkeys, two dogs, and two rabbits) immunised with 4 per 
cent, dead virus in 0‘5 per cent, carbolic acid normal saline solution referred to in 
series I, II, III, and IV. 

In each of these experiments blood was taken in glass capsules and put aside 
at room temperature for 24 hours until the serum had separated. The serum was 
then pipetted off and mixed with an equal volume of 1 in 200 or 1 in 300 dilution 
of living rabies Aurus in normal saline solution as recorded opposite each experi- 
ment. The mixture ivas then placed in an incubator at a temperature of 37°C 
for two hours, after which it was re-mixed and 0‘2 c.c. inoculated suhdurallv into 
rabbits. In each case a control rabbit was inoculated suhdurallv with 0'2 c.c. of 
an exactly similar mixture as regards the dilution of virus and kind of virus used, 
except that the serum added was from a normal monkey, dog, or rabbit, as the case 
might be and kept for the same time (2 hours) at 37“C. 

On referring to the table (Series V) it will be seen that 12 experiments were 
carried out with the serum from 8 immunised animals, and that in 7 of these experi- 
ments the serum showed a complete rabicidal action, and in 5 an incomplete but 
marked action. 

It was a mistake perhaps, not to have filtered the rabies emulsions before 
adding them to the serum to be tested. They were only passed through a fine wire 
strainer to keep back coarse particles of fibrous tissue. However, the results as 
they stand show a complete rabicidal action in 7, and a well marked action in 5. 

In the 12 control experiments the animals developed rabies after an incuba- 
tion period which corresponded to the normal incubation period of the virus used. 

The results of these experiments prove that the iSerum of animals imrnnitiaed 
udth vmis, and'preaeryed in carhblio acM hiM a well marked: rahieldal 
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When we examine the results recorded in Tables VII, VIII and IX, in which 
the effects of normal sahne solution on various dilutions of rabies vims at a tem- 
perature of 37°C and at room temperature are given, it is evident that the normal 
saline solution used to dilate the virus was not the cause of the rabicidal action at- 
tributed to the senim in Series V. 

In 1891 Babes demonstrated the fact that the serum of animals immunised 
against rabies had a well marked rabicidal action on living rabies vims 
in vitro. 

Marie ^ mentions that Kraus and Kreissl have studied the rabicidal properties 
of the serum of patients during and after completion of Pasteur’s method of 
antirabic treatment and found evidence of rabicidal properties 22 days after 
the completion of treatment, but not during or immediately after treat- 
ment. 

Lamb and McKendrick,^ in 1908, tested the serum of patients whom they had 
treated by Hogyes’ dilution method of treatment, and failed to obtain any evi- 
dence of rabicidal properties in the serum. 

Ill 1903-04-05, when Director of the Pasteur Institute of India, I carried 
out a series of experiments on the serum of patients after undergoing Pasteur’s 
method of treatment, and obtained evidence of well marked rabicidal effects a few 
days after completion of treatment. In another series of experiments carried 
out at the same time in which two ponies were highly immunised by com- 
mencing with dead virus, and going on to living “ fixed virus,” the serum was 
so highly rabicidal that one volume added to two volumes of a S per cent.! 
dilation of fixed virus completely destroyed its virulence in ten minutes at room 
temperature.3 

Babes, Eemlii^er, Marie and other workers have obtained similar evidence 
of the rabicidal properties of the scrum of animals immunised with rabies ■ 
virus. 

The serum of normal untreated man or animals does not furnish any evidence 
of rabicidal action, - ' 

It is evident from these experiments that the rabicidal action of the serum; 
of animals treated with a rabies vaccine is one of the factors which indicated- 
immunity. ■' 


> M««*~L’Etude £:^rim8htAle.ctol«'|tage 1809, page 172. -I 
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CHAPrKa 111. 


The <td%.iiitiise> liMVinj!' a safe and elfieient Intirahie Vaetine 
\»liieli eoiild he sent to filiere'ter it is re(|iiired for the treatment 

ot patients. 

\idir.i>>i< ti(>atiuont is ("SMMiti.ilIv i piopbv'Iactic troafinMit, but it diflei'i 
fumi th(* pioj)h\h(ti< ti( i(in«‘ut .qiplwl to <»thei mfiMtiou'} diseases in that it is 
<.iiiu<l out onh \\hen the patumt has alre.uh been infected, and bcfoie the uifec- 
tion has had time to .issnrne an ac tive phase. On this account it is most important 
uhen ticafnient is necessan, that it shouhl b<‘ ( onuueiued as early as possible. 

A p<‘ison infected with labies \irus cannot affoicl to allow the virus to get a 
good stait m its giowt h and then leisurelv to make Im way to a Pasteur Institute 
for tic'atinent. 

In a countiy’ like India whcie rabies is so widelv spiead, and the* distant cs 
from a Pasteur Institute are gxeat, a c ertani amount of delay is unavoidable. Those 
who aie slightly bitten on the limbs, ot through (’lofhmg, can better afford delay 
thin those* who aie seveielv bitten, or bitten on the head, neck or fare 

The fact that a large percentage ol pei^ous bitten by rabid animals escape 
hydrophobia even without treatment, indie ates that it does not require a very high 
degree of immunity to preient the* \inis from multiplying and giving rise to hydro- 
phobia. Then again, the fact that ccpi.illv good results are claimed for any and 
every method of antirabic treatment, also indicutea that a very high degree of im- 
munity is not an absolute ne<essit\ ui prophylactic treatment. 

To mv mind the two essential factors in anv piophylactic vaceino are ; — 

1. That it should be an absolutely safe \ac(me. 

2, That it bhoukl be an efficient tat cine, /.e., capable of giving rise to an 

mmnuusmg response sufficient to pieient the onset of the disease for 
winch it IS ghen 

The hist of these factors deseites caiidul c onsicieiation when we are dealing 
with a living vaccine, and especially a living rabies vaccine, where infection with 
the living element in the vaccine would mean c*ertain death to the patient. 

As 1 have* iilrc'ady st.itecl, Pasteur, when he first applied antirabic treatment 
to man, got over this difficulty by means of his “ dried cord ” method of treat* 
menf. His well known method of obtaining “ fixed virus ” from the spinal cowls of 
rabbits only requires to be mentioned here. Suffice it to say that after a variable 
number of passages of “ street virus ” (a virus of variable virulence) through a 
series of rabbits, a virus of a constant and exalted virulence is invariably present in 
the spinal cord (and also in the brain and medulla) of these When the 

cords axe lennived after death from fixed virus and dxted otaroattftio 
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in glass jars, kept in a dark room at a temperatnre of 22“C the virus has lost all its 
virulence in 14 days ; or in ,other words, it is then a dead virus. Cords which have 
been dried for a lesser period than 14 days give very little evidence of virulence 
after the 8th or 9th clay, and have not lost anything in virulence until after the 
3rd day. There are two opinions as to what happens to the virus in the cords 
during this drying process. One opinion is, that the virus becomes attenuated, 
and strictly in accordance with the time the cord has been dried ; and the other 
is, that the virus is only diminished in amount and not attenuated. 

It is a well known fact that germs which can be exalted in virulence can 
also be attenuated in virulence, and that drying is one method of attenuation. It 
is also accepted as a fact that rabies is caused by a germ of some kind, and a germ 
which can be exalted in virulence ; why then should rabies virus be the exception 
to a rule which is applicable to the causal organisms of other infectious diseases 
in regard to its attenuation ? 

As the subject is one about which there are sure to be differences of opinion 
until it becomes possible to cultivate the causal organism of rabies in artificial media 
we had better leave it with this explanation ; moreover, the acceptance of one 
or other of these opinions does not materially concern the subject-matter of 
this paper. 

Pasteur commenced treatment by injecting vaccines prepared from cords 
which had been dried for 14 days, and then from cords which had been dried for 
13, 12, 11, 10 days, and so on down the scale to cords which had been dried for 3 
days only. The dose for an adult consists of 1 c.m. of cord finely ground down 
in 3 c.c. of a sterile fluid, such as normal saline solution, and injected subctitane- 
ously ; it corresponds to about a 5 per cent, cord emulsion.^ This method modified 
in various directions is what is known as the “ dried cord ” method of treatment. 
It has undergone many modifications since Pasteur’s time, but the system is still 
essentially that of Pasteur. 

In the “ dilution method ” of treatment (also known as Hogyes’ method) 
the vaccines are prepared direct from the fresh cord of a rabbit dead from “ fixed 
virus ’ ’ rabies. 

It is convenient to begin by making a 1 per cent, dilution of virus, and from 
this to prepare any dilution required. The treatment by this method is commenced 
by the injection of very weak dilutions, such as 1 in 6,000 at some Institutes, and 1 
in 4,0(X), or even 1 In 2,000 in others ; and gradually going on from day to day to a 
less diluted virus, suOh as a 1 in 50G ; 1 in 200 ; or even 1 per cent, dilutions at some 
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It will thus be seen that in the “ dried cord ” method, treatment is commenced 
by a dead virus, and finally a virulent virus is used. In the “ dilution method " 
treatment is commenced by a very small quantity of a living virulent virus, and 
increasing its amount as treatment advances. 

Equally good results are claimed for both methods and their modifications ; 
but with these results I am not concerned in the present paper which deals solely 
with the safety and efficiency of a dead virus. The fact that living vaccine is 
used in both methods would preclude the possibility of sending it to a distance for 
the treatment of patients without running serious risks of interfering with its 
efficiency ; whereas a dead carbolised vaccine could well be sent to any centre where 
treatment could be carried out without running any risks of injuring its properties. 
The experiments recorded in this paper in which a dead carbolised rabies vims was 
used to immunise monkeys, dogs and rabbits, prove that it is a vaccine which can 
be relied upon to produce a high degree of immunity ; and knowing that it is a 
dead vaccine we can dismiss any doubts as to the possibility of its producing the 
disease which it is intended to prevent. It is also less expensive than any other 
method, and is easily carried out. . 

A vaccine prepared from the brain and medulla of ‘ ‘ fixed virus ’ ’ rabbit® would 
contain more of the active element (virus) than a vaccine prepared from the spinal 
cords, and on this account its immunising properties would be greater than 
cord vaccine, and moreover the brain and medulla of a rabbit would furnish a much 
larger amount of vaccine than the spinal cord. 

One Central Pasteur Institute in addition to carrying out treatment could 
supply the whole of India with a vaccine ready to be administered to patients at 
other centres. By this means patients would be saved long and expenrive 
journeys ; and most important of all, they would come under early teeatment, and 
a treatment free from risks. 





CHAPTER VIII. 


Siiiiiiiiiiry of Conolnsioiis. 

1. Eabies virus is easily killed by heat. A temperature of 50°G is sufficient to 
kill a 5 per cent, dilution of ‘ ‘ fixed virus ’ ’ in lo minutes. 

2. Eabies virus can remain alive and virulent for several days in normal saline 
solution. 

A 1 per cent, dilution of “ fixed virus ” in normal saline solution remains 
alive and virulent for at least 15 days at room temperature (about 20°C). Dilu- 
tions of 1 in 200, and 1 in 1,600 of “ fixed virus ’’ in normal saline are not killed 
in 24 hours at a temperature of 37 °C, and not even injured in any way in 4 hours 
at this temperature. Dilutions of 1 per cent, rabies virus in normal saline solution 
are not killed when kept for 24 hours at a temperature of 37°C, then for 24 hours 
at room temperature, and finally for 24 hours in 0‘5 per cent carbolic acid at room 
temperature. 

3. Rabies virus can survive for a longer time in carbolic acid at room tempera- 
ture (about 20°G) than at a temperature of 37°C. It is also more resistant to 
carbolic acid at both these temperatures than most non-spore forming bacteria. 

4. A one^ per cent, dilution of rabies virus in 0’5 per cent, carbolic acid normal 
saline solution remains alive and vnrulent for at least 20 days at room temperature 
(about 20®G). One per cent, and 2 per cent, dilutions of rabies virus in 1 per 
cent, carbolic acid normal saline solution remain alive and virulent for at least 4 
days at room temperature (about 20‘’G). 

5. Dilutions of 4 per cent, and 8 per cent, rabies virus in 1 per cent, carbolic 
acid normal saline solution are killed in 24 hours at a temperature of 37 °G. 
Rabies virus killed by this method and then diluted with an equal volume of sterile 
normal saline solution is a safe and efficient antirabic vaccine. 

6. Animals such as monkeys, dogs, and rabbits can be highly immunised by 
hypodermic injections of a rabies vaccine killed and preserved in carbolic acid. Of 
8 animals, viz., 4 monkeys, 2 dogs, and 2 rabbits, immunised with a 4 per cent dead 
virus in 0‘5 per cent, carbolic acid, all the monkeys, one dog, and one rabbit 
survived the subdural inoculation of lethal doses of virulent living virus ; and the 
one dog and one rabbit which did not survive this test showed a longer incubation 
period than the controls, 

7. The serum of animals immunised with rabies vaccine killed and preserved 
in carbolic acid gives a well marked rabicidal action on living virulent virus. 

8. A rabies vaccine prepared from the brain and medulla of “ fixed virus ” 
rabbits, and then killed and preserved in carbolic acid is a safe and efficient vaccine 
in the immuni^tion of animals, as proved by experiments bn monkeys, dogs^ and 
ffibbits ; andjudging from the results of these experiments it should also prove 'a 
safe efficiaht antirabic yacoine for the propbylaotic treatment of persons bitten 
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